Abstract. Greenhouse shading may have a time-dependent effect on fruit production, water and nutrient uptake in plants. A plastic house experiment was conducted in Jordan Valley, Jordan to discover the impact of four shading treatments on cucumber "189 Cultivar" growth and yield production. These treatments were Green Shadow 1 (GS1), Whitewash (Calcium Carbonate), Mud and Control (no shading).
Introduction
The use of shadings in vegetable production is connected with the limitations of light that reaches plants (Siwek and Lipowiecka, 2004) . Shade-houses favor plant growth. Since plants are less stressful, direct sunlight was avoided, temperature is lower, humidity is higher and evapotranspiration is low (Hashem et al., 2011) . In hot climates, shade can be applied over a greenhouse to improve fruit quality, increase fruit set and improve yield (Gent, 2008) . However, in climates with more moderate temperatures, shade typically reduces the yield of vegetables grown in a greenhouse (Cockshull et al., 1992) . Light is considered to be the most important environmental factor for growth and development, especially in protected farmland (Yang et al., 2012; Runkle, 2008) . Shading a greenhouse may have a time-dependent effect on fruit production and water and nutrient uptake in plants. After six weeks of shading applications, yield was reduced by 30% compared to no-shade treatments (Gent, 2008) .
Cucumber (Cucumis sativus L.) is one of the most profitable vegetable crops grown under protected cultivation systems all over the world, and it belongs to the guard family Cucurbitaceae (Ibeawuchi et al., 2008; El-Wanis et al., 2012) . It is a sub-tropical vegetable crop that grows successfully under conditions of high light, high humidity, high soil moisture, temperature and fertilizers in green houses (El-Aidy et al., 2007) . In a study conducted by Siwek (Siwek et al., 2010) , cucumber yield was the lowest under shady conditions. Cucumbers grown in shaded plots produced larger marketable yields and a lower percentage of cull fruit than plants grown in the open, but the total number of fruit and the fruit size of cucumbers was not affected by shading in the spring (Valli et al., 1965) . Shaded plants had greater leaf area, although they had less vegetative biomass and lower dry matter than non-shaded plants (Sandri et al., 2003) . Regarding yield, the best results were obtained using whitewash (Siwek et al., 2010) . In another experiment, the results showed that white net Science Target Inc. www.sciencetarget.com greenhouse cover optimized growth and yield of cucumber, recorded the highest vegetative growth (plant height, number of leaves, total leaves area, total fresh and dry weights) and significantly increased total yield (Hashem et al., 2011) .
Shade density had no significant effect on marketable yield because the marketable fraction increased with shade density (Lin and Jolliffe, 1996) . In Spain, mobile shade increased marketable yield by 10 percent when used only on days with intense sunlight (Lorenzo et al., 2003) . Growers should carefully monitor fertilizer salts, light, air temperature, humidity, carbon dioxide and moisture. Inattention to these details can result in decreased production and poor quality fruit, such as bitter-tasting cucumbers (Vandre, 2014) .
In Jordan Valley, there is a gradual increasing acreage of cucumber cultivation under covers. Farmers do shading during hot summer months (in May) primarily to limit the temperature rise in the plastic houses in order to protect the quality of some crops from decline when temperature is excessively high and to extend the production period. This study was conducted to compare the traditional plastic houses' shading methods with the innovation Green Shadow 1 "GS1" to discover the best shading method for cucumber growth, yield, quality and pest injuries under the Jordan Valley conditions.
Materials and Methods

Description of the study area
The study was conducted at Mohammad AlEdwan farm in the middle of the Jordan Valley about 50 km from Amman, the capital of Jordan, (31º76'39.26"N; 35º 59'26.85"E, and 380 m below the sea level) from the May to July 2015 season. The climate in this region is hot and dry during summer and warm and rainy in winter.
Treatments and Experimental Design
Twelve plastic houses (0.5 dun/plastic house) were installed over the farm area. Three plastic houses were used for each treatment. Four shading treatments were applied: Green Shadow 1 (GS1; 1L/ 10 L water), whitewash (Calcium Carbonate; 1 kg/ 10 L water), mud and control (no shading). Both GS1 and whitewash were sprayed using a pressure pump and a water spout over the three plastic houses' cover. The mud treatment was applied by dissolving a clay soil collected from the farm area in tap water and was dispersed by hand over the three plastic houses according to the method applied by farmers. The control plastic houses were kept without any covering. A few days after applying the shading treatments, cucumber cultivar "189" transplanting was done at the beginning of May 2015.
The four treatments were conducted in a randomized complete block design with three replicates. All data obtained were statistically analyzed according to the design used in this experiment (Steel and Torrie, 1980) . Mean separation was done using Least Significant Difference at the 5% significant level.
Measured Parameters
All of the measured parameters that included environmental measurements (temperature, light intensity and relative humidity), vegetative measurements (plant length, plant freshness and dry weight, leaf area, number of leaves/ plant and leaf length), flowering measurements, yield measurements (total yield, yield/month, yield/plant, average fruit freshness and dry weight, number of fruits, number of fruits/plant and length of production period) and fruit quality measurements (good quality yield %, deformed fruit %, poor colored fruit % and average fruit length) were done according to the first experiment of the high lands (Abu-Zahra and Ateyyat, 2015). While pest measurementsthe number of two-spotted spider mites -were counted under the dissecting microscope in which numbers per 10X magnification were considered as one field, three fields were taken per leaf. Three leaves were taken per plant, and three plants were chosen per plastic house each time (Abu-Zahra and Ateyyat, 2015).
Results and Discussion
Plastic cover permeability
At the end of the experimental period, environmental factors (temperatures, relative humidity and light intensity) were recorded. The results obtained are summarized in Table 1 . Plastic house temperature was significantly reduced by using GS1 and/or whitewash treatments compared to the mud and control treatments. This means that the plastic houses' permeability was reduced by using GS1 or whitewash as shading materials. A significant high relative humidity percentage was observed in the control treated plastic houses compared to other treatments because using shading treatments reduced temperatures that kept more relative humidity inside the plastic houses. GS1 and whitewash reduced the light intensity readings, which means that these treatments (GS1 and whitewash) have a harmful effect on the plastic cover These results do not coincide with those obtained in the high land experiment (AbuZahra and Ateyyat, 2015), which may be due to the differences in the climate (higher temperature, dryer conditions, etc.) that reacted with the covering materials and reflected on the plastic houses' permeability. 
Vegetative Growth
The results of vegetative growth have been illustrated in Table 2 . Data obtained indicated that there are significant differences in vegetative parameters. The highest results were obtained by the GS1 treatment, while the lowest results were obtained by the control treatment. Results obtained showed that vegetative growth was improved by the use of shading materials because in the control treatment the light intensity was very high, which induced an increase in the temperature to be more than optimum and adversely reflected on cucumber vegetative growth (Iglesias and Alegre, 2006) . On the other hand, the results of the present study are in agreement with Lorenzo (Lorenzo et al., 2003) in which vegetative growth of the cucumber plants under shade cover was higher. The results obtained proved that shading is recommended and required in this area of Jordan during summer months.
Flowering Measurements
Significant differences were observed in the number of days required for 50 % of cucumber plants in bloom (Figure 1.) . Flowering date was accelerated by the use of shading materials and delayed by the use of control treatment, which coincides with results obtained by Nageib (Nageib et al., 2012) and with the high land experiment (Abu-Zahra and Ateyyat, 2015). Science Target Inc. www.sciencetarget.com
Yield Measurements Total Yield
Yield results are summarized in Table 3 . The highest significant total yield per plastic house (2605 kg) was obtained by using the whitewash as shading material, while the lowest total yield per plastic house (1275.2 kg) was obtained by the GS1 shading method. Also, the same results were observed in the total yield per plant and yield per month in which the best results were obtained by whitewash and the lowest were obtained by the GS1 treatment. These results are supported by results obtained earlier (ElGizawy et al., 1992; El-Nemr, 2006 ) which found that using shady conditions increased yield due to higher photosynthesis associated with suitable radiation under shady conditions. However, they are not in agreement with the results obtained in the high land experiment (Abu-Zahra and Ateyyat, 2015) due to differences in environmental conditions.
Fruit Weight and Number
The highest significant fruit freshness and dry weight were obtained by the GS1 shading treatment (Table 4 ) but without significant difference with the whitewash treatment. On the other hand, the lowest fruit freshness and dry weight were obtained by the control treatment. The high temperature and light intensity in the control treated plastic houses are responsible for the decrease in fruit freshness and dry weight. These results coincide with those obtained by Valli (Valli et al., 1965) . On the other hand, the opposite trend was observed in the number of fruits per rep or per plant in which the highest total number of fruits were obtained by the control treatment (Table 4) , while the lowest number was obtained by the mud shading treatment. The results obtained showed that there is a reduction in the number of fruits in the shaded plastic houses compared to non-shaded ones, which may be due to shading causing a reduction in uptake of water and nutrients and less photosynthesis associated with less radiation under shaded plants that reflects on the number of fruits (Gent, 2008; (El-Nemr, 2006) .
Production Period
Shading treatments extended the production period length (Table 4) compared to the control treatment, which decreased the production period. This may be due to shading protecting chlorophyll from degradation by the high light intensity and temperature (Zervoudakis et al., 2012) . The same results were also observed in the previous experiment (Abu-Zahra and Ateyyat, 2015).
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Table 7
Results of correlation coefficient of shading methods: (Bowley, 1999) .
Fruit Quality Measurements
The results of fruit quality are summarized in Table 5 . The highest fruit quality (99.5 %) was obtained by the GS1 treatment, but without significant difference with the control treatment, while the lowest fruit quality was obtained by the mud shading treatment (99.2 %). A very low deformed fruit percentage was observed in fruits produced under the GS1 shading method (best fruit quality), while the highest deformed fruit percentages were obtained by using the mud shading treatment. Otherwise, very low statistical differences were observed in the fruit color parameter, even though the highest percentages of the poor colored fruit were observed in fruits produced under mud shading cover, while the best results of fruit color were obtained by the GS1 and control shading treatments. On the other hand, the tallest fruit (16.3 cm) was obtained by the GS1 treatment, while the shortest fruit (12.8 cm) was obtained by the control treatment (Table 5 .) These results suggest that shading is more beneficial under high sunlight intensity. The reduction in marketable yield resulting from the control treatment is proportional to the increase in light intensity and temperature, which may be responsible for the fruits' lack of quality, according to Gent (Gent, 2008) . Also, cucumbers grown in shaded plots produced larger marketable yields and a lower percentage of cull fruit than plants grown in the open (Valli et al., 1965) . These results almost coincide with those obtained in the high land experiment (Abu-Zahra and Ateyyat, 2015).
Pest Measurements
The only registered pest was the mite infestation (Figure 2. ). All of the shading treatments resulted in a significant decrease in the population of the two-spotted spider mite, Tetranychus urticae, on cucumber leaves planted in plastic houses compared to the control treatment. The lowest decrease was observed in the mud shading treatment. This is because shading reduces temperature, which is reflected in number of mites. This is nearly in agreement with Abu-Zahra (Abu-Zahra and Ateyyat, 2015). 
Results of Correlations
Results of correlations are summarized in Table  6 and 7. A positive significant correlation was observed between light intensity with fruit freshness and dry weight, fruit length and most cucumber plant vegetative growth parameters. All of these parameters were improved by increasing light intensity. On the other hand, a positive correlation was observed between temperature and blooming date. Blooming date was accelerated by increases in temperature.
Also, fruit number was increased by increasing relative humidity.
Conclusions
The results of the present study demonstrate that the types of the shading treatments used has an effect on plastic cover permeability. After washing the cover materials, permeability was reduced by using GS1 or whitewash as shading materials. The best results of vegetative growth and fruit weight were obtained by the GS1 treatment since it produced the highest vegetative growth and improved fruit freshness and dry weight. The highest fruit yield was obtained by the whitewash treatment. Using the GS1 or control treatments was found to maintain fruit quality. The control treatment delayed flowering, decreased the production period and increased the mite infection percentages. On the other hand, a positive correlation between temperature, fruit freshness and dry weight was observed. The results prove that there is a need for shading plastic houses in Jordan Valley during summer months.
